The essential oil extracted from Desfontaine's rupturewort, Herniaria fontanesii J. Gay subsp. fontanesii growing wildly in Tunisia, was analyzed using GC and GC-MS techniques. The free radical scavenging capacity and total phenol contents of three crude extracts having different polarities (n-hexane, ethyl acetate and methanol) were examined. Thus, a total of 35 constituents were identified in the Desfontaine's rupturewort essential oil representing 89.8% of the whole constituents. The oil was dominated by hexadecanoic acid, caryophyllene oxide, terpin-4-ol, khusimone and trans-sabinene hydrate. The total phenolic contents ranged from 16.91 to 92.27 mg of gallic acid/g of dry weight and they were found to be significantly higher in methanol than in polar ethyl acetate and hexane extracts. Correlations were observed between the phenolic contents and the antioxidant properties. Thus, the antioxidant activity of the methanol extract was superior to that of all samples tested (IC 50 = 0.21 ± 0.04 mg/mL).
Introduction
Aromatic plants constitute a rich source of essential oils widely used in folk and modern medicine in the treatment of infectious diseases. Actually, a revival interest has been attributed to the extraction of natural essential oils formed especially by terpenoid hydrocarbons, oxygenated monoterpenes and sesquiterpenes which are widely studied for their great usage in cosmetic, food and pharmaceutical industries as ingredients for fragrances, aroma, flavors and safe medicines without side-effects (1) . Caryophyllaceae is one of the large dicotyledonous families, comprising about 80 genera and 2100 species, known for its ornamental plants, generally rich in triterpenoids and saponins which are very often responsible for a wide range of medicinal uses such as anti-inflammatory, antispasmodic, antidiabetic and anticarcinogenic properties (2) . The rupturewort (genus Herniaria L., Caryophyllaceae) belonging to the subfamily Paronychioideae included 45 species distributed in Africa, Europe and Asia (3) . With the aim of our contribution to the search of plant-derived bioactive molecules from the crude and volatile extracts (4), we have been interested in the chemical and biological investigation of the Desfontaine's rupturewort, Herniaria fontanesii J. Gay subsp. fontanesii, one of the five species within the Herniaria L. genus, widely distributed in Tunisia (5-7). The subspecies fontanesii is a spontaneous perennial plant in Tunisia; it has several woody stems at the base with fragile branches with discarded internodes. The more or less hairy leaves are linear to lanceolate with small stipules. Flowers are mostly green in axillary few-flowered glomeruli; triangular haired bracts. Its calyx tube is pubescent with hooked hairs. Outer sepals are slightly fleshy and bristly. Forth Stamens have large anthers (up to 5 mm) (5, 8, 9) . The effectiveness of Herniaria fontanesii Gray from Moroccan origin in the treatment of lithiasis or diuresis has been described (10) . Previous chemical investigation conducted on the crude extracts from the same species growing in Morocco led to the isolation and structure elucidation of flavonol derivatives, triterpenoid saponins and triterpene glycosides (10) . As far as we know, there is no report on volatile constituents of H. fontanesii, and this is the first study on the chemical composition of essential oils, phenolic contents and antioxidant effects of crude extracts derived from the subspecies harvested in Tunisia.
Experimental
Plant material and isolation of essential oil 
Preparation of extracts

Gas chromatography
The GC analysis of the oil was carried out using Varian 450 gas chromatograph equipped with FID, using stationary phase CP Sil-8-CB (30 m × 0.25 mm i.d., 0.25 µm film thickness) column under the experimental conditions reported (11, 12) . Nitrogen was the carrier gas at a flow rate of 1.0 mL min −1 . Temperature was programmed from 60 to 220°C at 3°C/min. and for injector and detector temperatures were 230 and 250°C, respectively. The injection volume was 1.0 µL of 1% solution diluted in n-hexane; the split ratio was 1 : 50.
Gas chromatography-mass spectrometry
The GC-MS analysis of the oil was carried out using Thermo Scientific Trace Ultra GC interfaced with a Thermo Scientific ITQ 1100 Mass Spectrometer fitted with TG-5 (30 m × 0.25 mm i.d., 0.25 µm film thicknesses) column. The oven temperature was programmed from 60 to 220°C at 3°C/min using helium as the carrier gas at a flow rate of 1.0 mL min
. The injector temperature was 230°C; the injection volume was 0.1 µL of 1% solution diluted in n-hexane; the split ratio 1 : 50. MS was applied at 70 eV with a mass scan range of 40-450 amu. All the experimental parameters were taken from those reported earlier (12, 13) .
Identification of the components
Identification of the components was done on the basis of linear retention index (RI, determined with reference to homologous series of n-alkanes C 8 -C 25 , under identical experimental conditions), MS library search (NIST 08 MS Library (Version 2.0 f ) and WILEY MS 9th Edition) and in comparison with MS literature data (14) . The relative amounts of individual components were calculated based on the GC peak area (FID response) without using the correction factor.
Determination of total phenolic contents Aliquots of 0.2 mL of ethyl acetate extracts (1 mg/mL) were mixed with 1 mL of Folin-Ciocalteu reagent. A reagent blank using ethyl acetate was prepared. After 5 min incubation at room temperature, 0.8 mL of sodium carbonate solution (7.5%) was added. Samples were incubated at room temperature for 1 h and the absorbance was measured at 765 nm versus the prepared blank. A calibration curve was performed in parallel under the same operating conditions using gallic acid as the positive control. The results are expressed as milligrams gallic acid equivalent per gram of dry extract (mg GAE/g) (15) .
Antioxidant activity DPPH radical scavenging assay. 2,2′-diphenyl-1-picrylhydrazyl (DPPH) free radical assay was carried out to measure the free radical scavenging activity as reported previously (16) . A volume of 1.0 mL of each ethanol solution of H. fontanesii prepared at different concentrations was mixed with an equal volume of ethanolic solution of DPPH (0.1 mM). The disappearance of the DPPH was measured after 30 min of incubation at room temperature. The inhibition percentage of the DPPH radical by the extract was calculated according to the formula of Yen and Duh (17):
where A control is the absorbance of a control sample (t = 0 h), and A sample is the absorbance of a tested sample at the end of the reaction (t = 1 h). The concentration providing 50% inhibition (IC 50 ) was calculated from the graph plotting percentage of free radical scavenging activity (% RSA) against the Tunisian H. fontanesii extract concentration. 
Results
Chemical composition
Volatile oil of H. fontanesii was obtained by hydrodistillation with a yield of 2 × 10 −2 %. Thirty-five components that were identified using GC and GC-MS accounted for 89.8% of the whole constituents ( Figure 1) . The qualitative and quantitative chemical compositions are represented in Table I . As can be seen from the table, the essential oil was composed of 30.1% of oxygenated monoterpene fraction, 16.3% of oxygenated sesquiterpene fraction, 7.9% of sesquiterpene hydrocarbons, 0.5% of monoterpene hydrocarbon fraction and 35% of other compounds. Hexadecanoic acid (18.6%), caryophyllene oxide (9.3%), terpin-4-ol (7.5%), khusimone (6.7%) and trans-sabinene hydrate (6.1%) are the major constituents.
Phenolic content and DPPH radical scavenging activity
The total phenolic content of various extracts from the Desfontaine's rupturewort harvested from a natural population in the southerneast of Tunisia was measured. The results given in Table II showed that the amounts of phenolic derivatives ranged from 16.9 to 92.3 mg GAE g −1 . These contents increased significantly from the less polar to the most polar extract. Thus the methanol gave the highest yield for total phenolic extraction (92.3 mg GAE g −1 ).
Furthermore, a correlation was observed between the total phenolic contents and the antioxidant power. The determined EC 50 values denoted the concentration of the extract required to scavenge 50% of DPPH radical. Thus, the highest ability to scavenge free radicals was observed for methanol extract (EC 50 = 0.21 mg mL
), while the weakest scavengers were in hexane apolar extract (EC 50 = 1.3 mg mL 
Discussion
Within the aim of the contribution to the screening of medicinal plants growing in Tunisia, searching for natural crude and volatile extracts having considerable antioxidant potentials and which may reduce the body's oxidative damage, we have been interested in the chemical and biological investigation of H. fontanesii essential oils. The antioxidant activities and the total phenolic contents of three crude extracts of Herniaria dry material were investigated in the study. Palmitic acid has been detected as the major component (18.6%). Furthermore, the essential oil was rich in terpene derivatives (54.8%) dominated by caryophyllene oxide (9.3%), terpin-4-ol (7.5%) and khusimone (6.7%) as the major odorants. Despite the fact that some authors ascribed fatty acids as artery-clogging molecules have detrimental role on human health (18) , hexadecanoic acid (synonym: palmitic acid) produced in a large amount in many plants has been used in many cosmetics, shampoos and various commercialized cosmetic products. Recently, its contribution to the apoptotic effect and cell cycle arrest of human neuroblastoma cells has been identified (19) . It is also important to point out that caryophyllene oxide possesses antimicrobial properties against a wide range of bacteria and fungi; terpin-4-ol is known for its broad spectrum activity against microorganisms (20) (21) (22) . Moreover, the evaluation of free radical scavenging activity of three crude extracts from Herniaria species has been extensively performed during the study, via the most commonly used and the highly sensitive DPPH method. Since the reductive potentials of the tested extracts are strictly related to the polarities of the corresponding phytochemicals, the methanol extract is ranked as the most antioxidant extract exhibiting the strongest activity on scavenging DPPH radicals with an EC 50 value of 210 µg mL . This may be related to the high content of the methanol extract, compared with others less polar extracts, in flavonoids and also in phenolic derivatives for which the hydroxyl groups can act as protons donating and can be considered as the first responsible chemicals of the scavenging activity. 
Conclusion
According to the literature, this the first study on the chemical composition and antioxidant activities of the Desfontaine's rupturewort growing spontaneously in Tunisia. On the basis of the above results, crude extracts from the Desfontaine's rupturewort, H. fontanesii could be the subject of a detailed chemical investigation and may be explored as a useful source of natural antioxidants and remedies for human pathologies.
